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The invention relates to the method for forming bottom electrode of capacitor of the semiconductor device. 
And ru02The atomic layer deposition the RuO in the process, of depositing film and forming the bottom 
electrode. 2RuO film is deposited and the bottom electrode is formed. 2Disclosed is the method for forming 
bottom electrode of capacitor of the semiconductor device which prevents that impurity remains behind inside 
film, and it prevents the particle generation and can improve the thin film of the bottom electrode and electrical 
characteristic of capacitor. 



Representative Drawing(s) 



Fig. 1 



v ^ Keyword (s) 

The bottom electrode, Ru02 ; and the atomic layer deposition. 
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Figure 1 is a gas supply timing characteristic graph which it shows in order to explain the method for forming 
bottom electrode of capacitor according to the invention. 

Figs. 2a through 2c are the cross-sectional view which it successively shows in order to explain the ruthenium 
oxidation formation method according to the gas supply of fig. 1 . 

The code description • toward the main part of • drawing. 

1 : semiconductor substrate 2: interiayer insulating film. 

3a: ruthenium source 3b: oxygen. 

3 : Ru02Film 30: bottom electrode. 



as Purpose of the Inventors 

The invention relates to the method for forming bottom electrode of capacitor of the semiconductor device. And 
particularly, ru02lt is about the method for forming bottom electrode of capacitor of the semiconductor device 
forming the bottom electrode into film. 

Recently, the bottom electrode of capacitor Ru02The technology using film is very much studied. 

In the prior art, the oxidation state of Ru the precursor (RuX of the +2 or the +3 phosphorus state. 20r ruX3By 
using, it reacts with the oxygen gas in the chemical vapor deposition and the bottom electrode of capacitor is 
formed. 

Ru02RuO it reacts to the oxygen in the film deposition to the Ru precursor. 2Film is made. Moreover, the 
oxygen reacts to X which is the ligand and the reaction product is made moreover, the oxygen. At this time, the 
reaction product made as neutral through the redox reaction is removed to vacuum. However, because of being 
difficult to be removed, the negative ion or the cationic reaction product remains in intramembrane as impurity. 
Moreover, since getting up in the time the decomposition reaction of ligand and oxygen is very complicated, to 
be short. 'the carbon which is impurity, and the hydrogen or the oxygen remain behind within film. This impurity 
lowers the film characteristic while being diffused in the post heat cycle or the progress of following evaporation 
between film . 

Besides, in case of performing the existing chemistry gaseity deposition method (CVD), the reactive gas and 
precursor meet at the weather and the decomposition reaction occurs in the weather. While the nonvolatile 
matter (especially, Carbonate) being formed owing to this reaction and existing as the lumpy type on film, film 
operates as the main reason of the particle generation. 



Therefore, the atomic layer deposition RuO the invention solves the problem described in the above2RuO the 
particle generation is prevented by depositing film it prevents from impurity remaining behind inside film. The 
method for forming bottom electrode of capacitor of the semiconductor device improving the electrical 
characteristic of the thin film of 2 and capacitor is provided but it has the purpose. 
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^ S;ruc;.ure & Operation of ih& invention 

The first step, which absorbs the ruthenium source in the surface of semiconductor substrate the method for 
forming bottom electrode of capacitor of the semiconductor device according to the invention supplies the 
ruthenium source to the reaction inside of chamber in which the semiconductor substrate is mounted the second 
step supplying the purge gas to the reaction inside of chamber and removes the non-reactive ruthenium source 
of the reaction inside of chamber, and RuO it reacts with the ruthenium source the oxygen reaction gas is 
supplied to the reaction inside of chamber. 2The RuO of the target thickness the and then repeats in cycle it is 
made of the third step and the fourth stage which supplies the purge gas to the reaction inside of chamber and 
which forms film removing the non-reactive oxygen reaction gas and reaction by-product of the reaction inside 
of chamber, and the fourth stage through the first is defined as 1 cycle. 2After forming film, it patterns and the 
bottom electrode is formed. 

The reaction chamber maintains the temperature of 900°C range through 100. 

The ruthenium source RuX.20r ruXRuX 3 is used.20r ruXThe chemical formula X of 3 is H, and C.1-C10alkyi, 
C2-C10alkenyl : C1-C8a!koxy, C6-C12aryl, ??-diketonates 3 cyclopentadienyi, C1-C8lt is one among derivatives 
in which the halogen is added to alkyicyclopentadienyl or these materials. H which the purge gas is the inactive 
gas. 2, N2The oxygen reaction gas H one gas is used among the , He, and Ne and Ar gas. 20, H202The , 
ROH, and RCOOH and C.2-C10The chemical formula R is H in ROH or RCOOH, and C one gas is used among 
diol.l-CIOalkyl, C2-C1 Oalkenyl, Cl-C8alkoxy, C6-C12aryi 5 p-diketonates, cyclopentadienyi, C1-C8lt is one 
among derivatives in which the halogen is added to alkyicyclopentadienyl or these materials. At this time, the 
ruthenium saw minor gas , and the acceleration period of the purge gas or the oxygen reaction gas are done by 
5 second through 0.1 . 

The attached embodiment of the present invention decides to be hereinafter particularly more illustrated. 

Figure 1 is a gas supply timing characteristic graph of showing in order to explain the method for forming 
bottom electrode of capacitor according to the invention. Figs. 2a through 2c are the cross-sectionat view which 
it successively shows in order to explain the ruthenium oxidation formation method according to the gas supply 
of fig. 1 . 

Referring to Figure 1 , ru02The processing stage forming film is made of the first step (A) supplying the 
ruthenium source to the reaction inside of chamber, the second step (B) removing the non-reactive ruthenium 
source and reaction by-product of the reactor inside, and the third step (C) supplying the oxygen reaction gas 
and the fourth stage (D) removing the non-reactive oxygen reaction gas and reaction by-product. And the 
fourth stage through the first is comprised 1 cycle. The RuO of the target thickness. 2ln order to form film, 1 
cycle consisting of the fourth stage through the first is repeated from the and then. 

Ru02The reaction chamber in which the evaporation of film is made maintains the temperature of 900 °C range 
through 100. And the ruthenium source gas , and the acceleration period of the oxygen reaction gas or the 
purge gas supplied to the reaction inside of chamber in the angular step do to 5 second through 0.1 . 

. Referring to figs. 1 and 2a, the interlayer insulating film (2) is formed on the semiconductor substrate (1) in 
which the different element for forming the semiconductor device is formed. Thereafter, in the first step (A), the 
ruthenium source gas is supplied to the reaction inside of chamber in which the semiconductor substrate (1) is 
positioned and the ruthenium source (3a) is absorbed in the interlayer insulating film (2) surface. 

Here, the ruthenium source RuX20r ruXThe chemical formula X is H, and C 3 is used.1 -C1 Oalkyl, C2- 

C1 Oalkenyl, C1-C8alkoxy, C6-C12aryl, p-diketonates, cyclopentadienyi, C1-C8lt is one among derivatives in 

which the halogen is added to aikylcyclopentadieny! or these materials. 
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In the second step (B), in order that the ruthenium source gas which is not absorbed to the surface of the 
semiconductor substrate and remains in the reaction inside of chamber is removed, it supplies to the inside of 
chamber by using the inactive gas as the purge gas. 

H which is the inactive gas (Inert Gas) to the purge gas for the purification of the reaction chamber. 2, N2The , 
He, and Ne or the Ar gas are used. 

Referring to figs. 1 and 2b, the chemical formula 1 and RuO the oxygen (3b) is reacted in the surface of the 
ruthenium source (3a) absorbed to the surface of the semiconductor substrate (1) in the chemistry like 2 the 
oxygen reaction gas is supplied to the reaction inside of chamber in the third step (C)2The film (3) is formed. 

The oxygen reaction gas H.20, H202The , ROH, and RCOOH and C.2-C10The chemical formula R is H 
in ROH or RCOOH, and C one gas is used among diol.1 -C1 Oalkyl, C2-C10alkenyl, C1 ~C8alkoxy, C6- 
C12aryi, p-diketonates, cyclopentadienyL C1~~C8lt is one among derivatives in which the halogen is added to 
alkylcyciopentadienyl or these materials. 

RuXH 2 is used.2RuO it reacts to 0.2Whiie making film, the reaction product (HX) in which it has strong volatility 
is produced. HX is easily removed to vacuum. 



RuXH 3 is used.2RuO it reacts to 0.2Whi!e making film, the reaction product (HX) in which it has strong volatility 
is produced. HX is easily removed to vacuum. 

In the fourth stage (D). the inactive gas for using as the purge gas is supplied to the reaction inside of chamber 
and the non-reactive oxygen sauce gas and the reaction by-product remaining in the reaction inside of chamber 
are ejected to the reaction chamber outside. 

The reaction by-product HX, and H.2it has 0. HX in the invention, and H a part remains within film as impurity 
p ecause 0 f being the ion, the reaction by-product is unable to be mainly easily fired from the existing chemical 
vapor deposition due to the various redox reaction and it again reacts to the reactive gas and a part is to the 
gas.2RuO 0 is the neutrals in which the vapor pressure is high.2The RuO of the high purity in which there is 
nearly no PERNUM:3S including the carbon, the hydrogen, the oxygen etc. film is removed to the vacuum 
evacuation from reactor it is not included within film.2Film is formed. Moreover, in the conventional technology, 
in the weather, since the reactive gas and source material arousing a part chemical reaction and forming the 
nonvolatile matter, it operated as the main reason of the particle generation. But since the deposition reaction 
occurs in the surface of semiconductor substrate since using the atomic layer deposition in the invention, the 
particle generation can be suppressed. 

Therefore, the first RuO 1 cycle process consisting of the fourth stage (A or D) through the first is 
advanced2Film is formed. 

Referring to Figure 2c, ruO 1 cycle consisting of the fourth stage through the first is repeated from the and 
then2The film (3) is deposited to the target height and the bottom electrode (30) is formed. 



As described above, the invention is ruO with a superior thin film in which there is no impurity and particle to 
the atomic layer deposition2lt has the effect that the reliability of the manufacturing process of capacitor and 
electrical characteristic are improved by film being formed and using as the bottom electrode. 
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■ *^ Scope of Claims 
Claim 1 : 

The first step: second step: RuO supplying the purge gas to the reaction inside of chamber and removes 
the non-reactive ruthenium source of the reaction inside of chamber it reacts with the ruthenium source the 
oxygen reaction gas is supplied to the reaction inside of chamber absorbs the ruthenium source in the surface 
of semiconductor substrate it supplies the ruthenium source to the reaction inside of chamber in which the 
semiconductor substrate is mounted. 



2The RuO of the target thickness the and then repeats in 1 cycle it is made of the third step and the fourth stage 
which supplies the purge gas to the reaction inside of chamber and which forms film removing the non-reactive 
oxygen reaction gas and reaction by-product of the reaction inside of chamber and the fourth stage through the 
first is cycled with 1 . 

2The method for forming bottom electrode of capacitor of the semiconductor device which characterizes to 
pattern after forming film and the bottom electrode. 

Claim 2 : 

The method for forming bottom electrode of capacitor of the semiconductor device of claim 1 , wherein the 
reaction chamber maintains the temperature of 900°C range through 100. 



Claim 3 : 

The ruthenium source as to claim 1 , RuX. 

20r ruXThe method for forming bottom electrode of capacitor of the semiconductor device wherein 3 is used. 
Claim 4 : 

RuX as to claim 3. 

20rruXThe chemical formuia X of 3 is H : and C.1 -C1 Oalkyl, C2-C1 Oaikenyl, C1 ~C8aikoxy 5 C6-C12aryl, 
(3~diketonates : cyclopentadienyl, C1~C8The method for forming bottom electrode of capacitor of the 
semiconductor device wherein it is one among derivatives in which the halogen is added to alkyicyclopentadienyl 
or these materials. 

Claim 5 : 

H of claim 1 , wherein the purge gas is the inactive gas 

2, N2The method for forming bottom electrode of capacitor of the semiconductor device wherein one gas is 
used among the : He : and Ne and Ar gas. 

Claim 6 : 

The oxygen reaction gas as to claim 1 , H. 

20 : H202The : ROH, and RCOOH and C.2-C10The method for forming bottom electrode of capacitor of the 
semiconductor device wherein one gas is used among diol. 

Claim 7 : 
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The chemica! formula R is H in ROH as to claim 6, or RCOOH, and C. 

1 ™C1 Oalkyi, C2-C1 OaikenyL C1-C8alkoxy, C6-C12aryL p-diketonates, cyclopentadienyi, C1~C8The method for 
forming bottom eiectrode of capacitor of the semiconductor device wherein it is one among derivatives in which 
the halogen is added to alkylcyciopentadienyl or these materials. 

Claim 8 : 

The method for forming bottom eiectrode of capacitor of the semiconductor device of claim 1 , wherein the 
ruthenium saw minor gas s and the acceleration period of the purge gas or the oxygen reaction gas are done by 
5 second through 0.1 . 



Drawings 



Fig. 1 
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Fig. 2 
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?£ OjO| H a.011 C||3h HJ. 

1 : Bl£.*ll 7|fi2 : 32} l£a| 
3a : ¥E|Ih 4:S^3b : ^ 
3 : RuO29|30 : §h¥ 



« g^oi =£p:;i-:;;-; f Ota; -gajp!& 

& tt-SS SJ-£*i 4:^s| ?is|A|Ei spft g-y S-ffloil ^H-iL, #*l Ru02^^ §hY £R# Bl£ 
*| ±*|-s| ?-| h(| a | e] E!^ Sfi 3o|cK 

sje Moi, ?lHHA|Eis| S^°S Ru02q# A^*fc 7|fc0| SO| o^E|H alch. 

#E« 7|£& RuS| ■fj-sj- AtEp^ +2 +3^ #EHS| ti^ ^^(RuX25£t RuX3)S A^(M CVD'gj °^ 7|*|^ 

BlS^I ?Hi4|A|Eio| &f J* SAH^-CK 

Ru 02at §^a| ru Aj^ ^32} BIS*K*I Ru02et# E»2, SEfi- amH(i_ioand)«! xaj- BIS&M &} 

§ -a^MS bis^i oim, biss- sischs -a^m^ ag^s ^i^hsj^isi-, soi 

s a - oto|SAH ya^Ajts *]|7^7| 04^71 [CH-S-oil stM|o|| y-7|| S^. BE», tt±2i £lZ}HS| ^-SH £} 

n s|o]|£ 7|^s| aj-aj- 7|& §S|S(CVD)« 4M*fc 7|^oiH 7|*i|s} aj^ s§jo| °m7ll £R 7|#<HW 
^sH BlSol go^t^K o| B|§o| °|«H u|?|ttg Carbonate)o| Sahe|o] a| ?|o|| gojal S E NS 5^*1-3 

a| u^EIKParticle) tf^sl fS°J°S^§M. 



[c[a[Ai £ o ^p|o| SH2°PI fls^ E[S*l- Ru02a|» fs,^£S^ ^ l H^ch| #£S0| 

£#§K= gKxlShi, n[B\m t^t g> h A|^0i Ru02S| e|S §J 7i^A|Eio| 5j 7 |AH m^g §^A|^ ^ HhfE 
X-ll 9-\nA\B\ Sh^ |jW g^ fi Xi|§5feDi| ZL =^0| SICK 



m ^goil clIb ^a|-o| ^hHa|e| SHfi S^S€ 7|&o| e>§ lH «s ^e)Ih 

^« Ap| u_^| sgoii =Ei|^ ±SL±m m^M?\£ Ai| 1 am 1^ L HY^ nix| ^ 

s^i BIS SjHH L H "S| d|u|§ ^Ei|^ ±2>i# Ai|7iSfe All 2 EMI, &IS ufl^s H± BIS 7|-^» ^ 
Nfe ^S^at- BISA|?^ R U 02st« S^sfe Ail 3 S! BIS ^^S. m\ A±m BIS LH^a| 
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■f-Ell^ ±SL±g. ! E RuX2££t RuX3« a^SM, RuX2££t RuX3£| St*H Xfe H, C1-C10alkyl, C2-CJ OalkenyL 
C1-C8alkoxy C6-C12aryl, 77-diketonates, cyclopentadienyl, C1-C8alkylcyclopentadienyl EE-& o|# Sgoil # 
S2!(Halogen)0| §7h£! § 8H4o|^. 7^ 7^2J H2, N2, He : Ne §J Ar 7^ § o| 

l- & A^ShcH. £l± 7^St H20, H202.. ROH, RCOOH §1 C2-C10diol S cHi^, fi Affsfoj, 

ROH BEfe RCOOHOHxj £W4 R-g H, C1-C1 Oalkyl, C2-C1 Oalkenyl, C1 -C8alkoxy, C6-C12aryl, (3-diketonates, 
cyclopentadienyl, C1-C8aikylcyclopentadienyl St o|S mm\ (Halogen) o| *mS § <HJ^ °W 

o|cK o|H, ^-Eiife ±Z± m\ n± at &± 7^°| o.1 m*l 5SS ffl-tK 

5Eise ai-scHi *wa^«a s-ss^s^pi sai^?^ 5^ ek>i°j *g h2h=o|ck 

£ 2a 41*1 i 2ct £ 1B| S^o\\ cc|-S 8 A d l. h Si £|§rOl £x|-*1°^ J£A|& £0£ 

£ 1S ^3EShB Ru02^S S£&H5 EWIt «1S atH Ml ¥3. *E||fe * 1 EWA), B>§ 

7| u||^°| d|h>§ ^.E||fe ^S^i ¥£J£# *I|7-|SHE *i| 2 E+*I(B), ^± y§ 7^» g^rt n 3 t^KO 

□I o|H|-° H |.g 7 j.^ oj uj-s ifLAhg-g X]|7iSHE- HI 4 EWI(D)S 0|f.OjA|Di. Xf| 1 M|X| x-|| 4 L^|7|- 1 ^0|t 

(Cyclejl olgcK as ^|a| Ru02 D -l# ^Wit HI 1 4W x|| 4 EWl's o|^ol£] 1 ^o|## n^tftM 

Ru02^s| §^o| o|^x|t aiHt- 100 l-Hx| goCTC S£« ft*l*Jo|, ^|0||A1 SJ-g 41^ 

^H^lfe ¥E||h 7^, SE-t 2|A| 7h££| A|7}g 0.1 L-|jX| 52L.S. S-^K 

£1 H£ 2a# &>5E*II g^Spi ?!£!• 04 e4 s^7|- g^fe! eh£*l 7|ff(1) ^ofl §?i §23^(2)* 

gat+Cl-. 0|* X1| 1 ^l(A)Ol|A^ 7|tKD0| Bl-S a Hi LH^S ^.E|fe 7^# 5^^0i # 

7} Sflat(2) iSoil ^EIHs ±S>:(3a)» S^a|?IdK 

C47|AH, 4:S^^t RuX2££^ RuX3» A^cH, xfe H, C1-C10alkyl, C2-C1 Oalkenyl, C1- 

C8alkoxy> C6-C12aryl, B-diketonates, cyclopentadienyl, C1-C8alkylcyclopentadienyl a^o|#gloi| ^-STJ 
(Halogen)ol *j7^ # cHiz &H4o|cK 

Xi| 2 ^l(B)0)|Ait 7|Ek£| S?jO]| S^£|X| ^IL ShS W L l -r-°fl ^E||fe 7^» X1|7H§h7| 

?l§l-oi, 7[±m fi|A| 7|->:^ o|S-o|-oi ^tH §^&cK 

uj-s |H U -| o| §sm o|fi- ffjx| 7|-^^fe 7^(lnert Gas)?J H2, N2, He, Ne EE^ Ar 7|-^» A|-§t!-tK 

£ 1 §y £ 2b« *il 3 t^l(C)oj|Ai^ tl± yj-g 7[±m fiJ-S a^H Ml^s 5^^o=) 1 §J s^a| 2£ r 

lt°\ ttzn 7|tKl)s| sedcHI ^E||& ^S>:(3a)s| fiffloil t.t±(3b)« &>gA|7i Ru02St(3)S S^E-^K 

{4± ehS 7r^^-& H20, H202, ROH, RCOOH SI C2-C10diol § oi^ & 7^# A|-#&KH, ROH EEt RCOOHCH|aH 
S|_S^ai R o H C1-C10aikyl. C2-C1 Oalkenyl. C1-C8alkoxy, C6-C12aryl, p-diketonates, cyclopentadienyl, C1~ 
CSalkylcyclopentadienyl EE-iE o|6 mm\ #^a!(Halogen)o| §7^ # §Wo|cK 



RUX2-1 A^*hS, H202f BJ-§*h<>1 Ru02^# °l# D JAi f|lf^o| Btg«a*(HX)S ^^§r^, HXfe 
^7|| fl|7iacf. 
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B>§ Y^MS- HX. H207I- SicK 7|ea| CVDaoi-Mc- ^& H J§°5 ^°KM ^*+«o| o|£ 

£o|°p| t£N^o)| m\ x\Ws\x\ gsH ehg7|*||sf c^a| ei-S8to4 ^"4, 81 ¥fe ^ *-H cHJ 

& ^SOflAit HX, H20-C- y\*mo\ £g §AJ SHOlHS, Ru02St L-H 0)| S*^A| g>Jl *!g Hp|£ 
7 1 0)1 AH £|7H| *||7H£|HS ^ Ah^ =o| ^-£g0| 7j2| ffl-c- ^£ ££^1 RuO2H|0| g^gc*. SE&, ?l£ 

CH| Ai-^ 7|AK>||Ai td}§ 7|*|fl|- #gO| SS #HS ggS|-H3. H|-E|l Bf-SS| ^ 

o|SM|,xH| 1 l(]a| xi| 4EMI(Am*l D)^o|^a|A| 1 m|-o|1 g§ 0 | £!S=I<H Ru02^o| 8&§c|.. 

£ 2c» Sisra, fll 1 M|x| jq 4 EMIS o|#.cHS 1 ^o|g# TH^sM y-M aja|s^ R U 02q-(3)# =S £o|;;W 
§ifsn S|-Y S^(30)« ggficK 



u|-£|. ^o|, & shSS 4E|Mo| Sit 5tHo| Y^S Ru02^# SHf 2 

^{o £ A^ij-o^AH ?H 2H a| eh o| g§o| ai^i^ §j -ilai S stAU|?|^ S.n\y[ 

§ -T-S 1 : 

Zem y\®o\ &«ta y-g gun s3*k>i seo« yehi^ s*m 

?lt fli 1 en; 

a} ? | dj.g S uh m^s hha| 7[±m S3°W #7| y-g ^UH o|Hj-g ^-ehi is- *U?|SIt= xh| 2 tMI; 

hj-o atH uh Aj.^ Ujg gg^OH A^| =E||ig ±^±S.[ «h§A| ? H Ru023t# S ^ §fe 3 El^I S! 

api uh§ ^hh uh^s jt|x| ?i±m ss«n>j ^7| e>g -a^ ^^si nia-g ^ e>s 7^ si am ^^g« ^ii7H^ 

- xil 4 o|^oHah Aj-7| x|| 1 l||a| ah| 4 E^l# 1 Ml-olM^, *J-7| 1 >4o|l THI^SHAH 4! A loW =it ^th| 

si Ru02Qt* a a a- ^ aneiy*w *w s^§h^ 5!# ^^21 ^hhan ^ 

s^t 2: 

1 Soil 5ioiAi : 

4^7| ei-g SjHHt 100 l||x| 900°C a?|a| g£» ^A|&fe f§°5 §fe &>£5H| ±x[°\ ^WM^-i 3^ S 



S?f 3: 

Ail 1 SMI SiolAH, 

AD| RuX2E£-^ RuX3» A^S^ §He Bh£E«l ^a^2| Hnfl^lN ^ 3^ 

a. 



St 1 * 4: 

*HI 3 Soil sicHAH, 
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#7| RuX2E£ft RuX3^l SI-4N Xft H. C1-C10alkyl, C2-C10alkenyl. C1-C8alkoxy, C6-C12aryl, p-diketonates, 
cyclopentadienyl, C1-C8a!ky!cyclopentadienyl EEft o|S mm\ ttS2HHalogen)o| #E*IS S <^ SH4 

°J5!i^g°S ftft ft^l ixhsj ?-N A IN §Hf if a. 

S^S 5: 

*i| 1 SN 5jcH A H, 

Ap| ffi)x| 7^ft 7[±2\ H2, N2, He, Ne 5! Ar ?[± § o]!=l ft 7h^» A^sfe Sfe ft£*H 

£X|.o| ?-) 2|| A| E-] ^ *R S£! ftS. 

S^f 6: 

*i| 1 SMI °J°\M, 

Ap| Ah4- d[g ;[a £ - H20, H202, ROH, RCOOH S! C2-C10diol # ft ?k^# A^Sfc 3# ^ 
ft£*ll 4:^o| ?i2HA|E-| §Hf gAH uj-aj. 



xil 6 S-ofl XI <M, 

#7| ROH BE^ RCOOHO)|x] aj-SH R-g h, C1-C1 Oalkyl, C2-C10alkenyl, C1-C8alkoxy, C6-C12aryl, p- 
diketonates, cyclopentadienyl. C1-C8alkylcyclopentadienyl SEtt o|# gUcHI tt^2!(Halogen)o| *pm tt£*II# 

§ ^ft°| 51^25 §H=- ftE*| 4lXh£| ?^A|Ei gAJ bhHH. 

S?f 8: 

*l| 1 £KH| SlojA), 

Aj. 7 | agi- ± o ± 7[± tt± ft§ 7k^°| A|^ 0.1 M|X| 5|-£ 2i# ^9^^. ft 

7-| sH a I Ej §Hf ftQ. 
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